Single nucleotide polymorphisms reveal a genetic cline across the north-east Atlantic and enable powerful population assignment in the European lobster by Jenkins, TL et al.
Evolutionary Applications. 2019;00:1–19.	 	 	 | 	1wileyonlinelibrary.com/journal/eva
 
Received:	6	March	2019  |  Revised:	9	July	2019  |  Accepted:	11	July	2019
DOI: 10.1111/eva.12849  
O R I G I N A L  A R T I C L E
Single nucleotide polymorphisms reveal a genetic cline across 
the north‐east Atlantic and enable powerful population 
assignment in the European lobster








































on	 the	 findings	 of	 our	 spatial	 genetic	 analysis,	we	were	 able	 to	 test	 the	 accuracy	
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1  | INTRODUC TION
Identifying	distinct	genetic	diversity	among	populations	and	delin-
eating	 biologically	 accurate	 management	 units	 are	 key	 objectives	







Silva,	 Appleyard,	 &	 Upston,	 2015).	 Moreover,	 this	 information	 is	
equally	 important	 for	hatchery	stocking	programmes	so	that	man-
agers	can	ensure	that	the	juveniles	they	release	are	compatible	with	

























markers	 have	 the	 potential	 to	 aid	 the	 delineation	 of	 conservation	
units	 by	 identifying	 adaptive	 diversity	 in	 protected	 or	 exploited	
species	 (Barbosa	 et	 al.,	 2018;	 Flanagan,	 Forester,	 Latch,	Aitken,	&	
Hoban,	2017;	Funk	et	al.,	2012).	Moreover,	these	markers	often	have	
greater	power	to	differentiate	populations,	which	offers	promising	







greatest	 allele	 frequency	 variation	 between	 putative	 populations)	
has	 permitted	 the	 development	 of	 small	 panels	 of	 SNP	 markers	




ulation	 structure	 and	 assignment,	 the	most	 differentiated	 loci	 (i.e.	
outlier	loci)	can	have	complex	evolutionary	histories	of	divergence,	
which	may	 not	 always	 be	 representative	 of	 neutral	 genome‐wide	
patterns	(Gagnaire	et	al.,	2015).	As	a	result,	interpreting	patterns	of	
dispersal	and	gene	flow	based	on	these	loci	can	be	challenging	un-
less	 the	evolutionary	mechanisms	that	gave	rise	 to	 the	outlier	 loci	
are	identified	(Gagnaire	et	al.,	2015).	Nevertheless,	identifying	neu-
tral	markers	 and	omitting	 outlier	 loci	 from	 the	 population	 genetic	
analysis	 can	 also	 be	 employed	 to	 provide	 insights	 into	 processes	
that	influence	gene	flow	and	drift,	such	as	allopatric	divergence	and	
changes	in	effective	population	sizes.
The	 European	 lobster	 (Homarus gammarus)	 is	 a	 large	 decapod	









seafood	product;	 thus,	 its	 fisheries	are	of	great	 importance	 to	 the	










Previous	 genetic	 studies	 based	 on	 allozyme	 and	 mitochon-
drial	 DNA	 (mtDNA)	 restriction	 fragment	 length	 polymorphism	
(RFLP)	 markers	 have	 found	 that	 lobsters	 from	 northern	 Norway,	




and	 Griffiths	 (2017)	 suggested	 lobsters	 from	 the	 Skagerrak	 re-
gion—a	strait	located	between	the	Jutland	and	Scandinavian	penin-
sulas	which	connects	the	North	Sea	to	the	Kattegat	and	the	Baltic	
Sea—may	 be	 genetically	 distinct.	 However,	 the	 two	 Scandinavian	
sites	 used	 in	 this	microsatellite‐based	 study	were	 genotyped	by	 a	
different	laboratory	from	the	main	group	of	samples	analysed,	and	
since	 accurate	 cross‐calibration	 of	microsatellite	 profiles	 between	
laboratories	is	notoriously	difficult	(Ellis	et	al.,	2011),	the	role	of	dif-
ferences	 in	 locus‐calling	 between	 laboratories	 could	 not	 be	 ruled	
out	 as	 a	 causal	 factor	 of	 the	 differentiation	 reported.	 Elsewhere	
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































4  |     JENKINS Et al.
in	 the	 north‐east	 Atlantic,	 virtually	 no	 genetic	 differentiation	 be-
tween	samples	of	European	lobster	has	been	found	using	microsat-
ellite	markers	 (Ellis	et	al.,	2017;	Huserbraten	et	al.,	2013;	Watson,	







fine‐scale	 population	 structure	 across	 the	 range	of	 European	 lob-
ster	using	a	panel	of	informative	SNP	markers	isolated	from	RADseq	





scale	region	and	fine‐scale	 location	 (sampling	 location).	Finally,	we	
discuss	the	applications	of	these	results	to	inform	the	management,	
supplementation	and	conservation	of	European	lobster	populations.
2  | MATERIAL S AND METHODS
2.1 | Sampling and DNA extraction
Samples	 of	 adult	 European	 lobsters	 were	 collected	 from	 38	 sites	
(together	with	 two	 temporal	 samples	 from	 Île	de	Ré	and	Sardinia;	
Table	 1,	 Figure	1),	 covering	most	 of	 the	 contemporary	 geographi-
cal	 range	 of	H. gammarus.	 The	 majority	 of	 sites	 were	 sampled	 in	
2016–2018;	however,	 due	 to	 the	 rarity	 and	difficulty	of	obtaining	
Mediterranean	 samples,	 some	DNA	 samples	 analysed	 in	 previous	
studies	 (Ellis	et	al.,	2017;	Triantafyllidis	et	al.,	2005)	were	also	uti-











2.2 | SNP isolation and genotyping
Single	 nucleotide	 polymorphism	 genotyping	 was	 carried	 out	 on	
a	 Fluidigm	EP1	 system	using	 the	96	SNPs	 isolated	by	 Jenkins	 et	
al.,	 (2018).	In	brief,	for	SNP	discovery,	RAD	sequencing	using	the	
SbfI	restriction	enzyme	was	performed	on	a	subset	of	55	lobsters	
from	27	geographically	 separate	 sampling	 sites	 (Figure	S1A),	 en-
compassing	much	of	 the	present‐day	 range	of	H. gammarus. Two 
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al.,	2010)	clustered	 these	 individuals	 into	 three	main	groups:	 the	
Atlantic,	Skagerrak	and	the	Mediterranean	(Figure	S1B).	All	55	indi-
viduals	were	then	organized	into	these	three	putative	groups,	and	
each	SNP	was	 ranked	using	F‐statistics	with	 the	aim	of	 identify-






from	 only	 the	 Atlantic	 (excluding	 Mediterranean	 and	 Skagerrak	
samples;	Table	S1).	To	generate	this	data	set,	a	population	map	that	
organized	the	remaining	Atlantic	samples	into	geographical	regions	
(Table	 S1)	 was	 submitted	 to	 the	 populations	 program	 in	 Stacks.	




tween	 lobsters	originating	 from	different	 regions	 in	 the	Atlantic,	









(Figure	 S1C),	 and	 75	 SNPs	 (out	 of	 4,377	 SNPs)	 were	 selected	 to	
capture	within‐Atlantic	 differentiation	 (Figure	 S1D).	 Fluidigm	 SNP	
assays	and	DNA	samples	were	run	on	a	96.96	Dynamic	Array	inte-
grated	fluidic	circuit,	and	genotypes	were	called	using	the	Fluidigm	
SNP	 Genotyping	 Analysis	 software.	 Specific	 target	 amplification	
(STA)	was	conducted	prior	 to	genotyping	because	 it	 increases	 the	
copy	numbers	of	the	desired	sequence	containing	the	SNP	(i.e.	the	
RAD‐tag),	 which	 can	 improve	 genotyping	 call	 rates	 and	 accuracy,	
particularly	 for	 heterozygous	 samples	 (Bhat,	 Polanowski,	 Double,	
Jarman,	&	Emslie,	2012).
2.3 | Quality control and filtering
Individuals	 and	 SNP	 loci	 with	 more	 than	 20%	 missing	 genotypes	
were	removed	from	the	data	set	using	the	missingno	function	from	
poppr	v2.8.0	(Kamvar,	Tabima,	&	Grünwald,	2014).	Deviations	from	






study	 (Jenkins	 et	 al.,	 2018),	 linkage	 disequilibrium	 (LD)	 was	 also	















10,000	 times	more	 likely	 than	 the	model	 of	 selection	 to	minimize	








2.5 | Genetic differentiation and 
population structure




in	 R,	 and	 significance	 was	 assessed	 by	 calculating	 bias‐corrected	
95%	 confidence	 intervals	 (1,000	 replicates)	 and	 testing	 whether	
values	were	significantly	different	from	zero.	In	addition,	to	explore	
patterns	of	isolation	by	distance	(IBD),	Mantel	tests	were	conducted	
on	 genetic	 distances	 (Fst)	 and	 geographical	 distances	 (km)	 using	
the	mantel.rtest	function	from	the	R	package	ade4	v1.7.11	(Dray	&	
Dufour,	 2007).	 The	 geographical	 distance	 matrices	 were	 created	
by	 calculating	 least‐cost	 distances	 via	 seas	 (avoiding	 landmasses)	
between	sampling	sites	using	the	 lc.dist	 function	from	the	R	pack-
age	marmap	v1.0	(Pante	&	Simon‐Bouhet,	2013).	Outlier	SNPs	were	
omitted	 for	 this	analysis,	 and	significance	of	 the	Mantel	 tests	was	
assessed	using	1,000	permutations.
Population	 structure	 was	 explored	 using	 three	 different	 ap-
proaches.	First,	DAPC	was	run	using	the	dapc	function	from	the	R	
package	adegenet	v2.1.1	(Jombart	&	Ahmed,	2011).	DAPC	attempts	
to	 summarize	 genetic	 differentiation	 between	 groups	 (between	
sampling	 sites,	 in	 this	 context),	while	 overlooking	 variation	within	




nents	 retained.	 Cross‐validation	 using	 the	 xvalDapc	 function	 from	
adegenet	was	used	to	choose	the	optimal	number	of	principal	com-




























using	 the	R	 package	 assignPOP	 v1.1.4	 (Chen	 et	 al.,	 2018).	 assign-
POP	uses	 a	 cross‐validation	procedure	 followed	by	PCA	 to	evalu-
ate	 assignment	 accuracy	 and	 membership	 probabilities.	 First,	 the	
data	set	is	partitioned	into	training	(baseline)	and	test	(holdout)	data	








from	 user‐chosen	 classification	 machine‐learning	 functions	 (Chen	
et	al.,	2018).	Finally,	these	models	are	then	used	to	estimate	mem-
bership	probabilities	of	test	individuals	and	assign	them	to	a	source	

























































     |  7JENKINS Et al.
population,	while	also	evaluating	the	baseline	data	and	conducting	
assignment	 tests	 on	 individuals	 for	 which	 the	 origin	 is	 unknown	
(Chen	et	al.,	2018).
For	assigning	individuals	to	their	basin	of	origin,	before	dividing	
the	data	set	 into	baseline	and	 test	data	sets,	 two	 individuals	 from	
each	Mediterranean	site	(16	individuals	in	total)	were	randomly	se-
lected	 in	 R	 to	 compose	 a	 file	 representing	 “unknown”	 individuals,	


















3.1 | Genotyping, quality control and outlier SNPs
Five	SNP	loci	(25580,	32362,	41521,	53889	and	65376)	did	not	work	
consistently	on	the	Fluidigm	EP1	system,	possibly	due	to	inadequate	














alizing	 the	 population	 allele	 frequencies	 for	 each	 SNP	 (Figure	 S2).	














respectively,	 and	 both	 pairwise	 differentiation	 statistics	 showed	
comparable	 patterns	 between	 sampling	 sites	 (Figure	 S3).	 Pairwise	
values	of	Fst and D	ranged	from	zero	(e.g.	Cor‐Hoo)	to	0.246	(Oos‐
Sar13)	and	from	zero	(e.g.	Ale‐Sky)	to	0.030	(Oos‐Ale),	respectively.	
The	highest	values	 for	both	 statistics	were	between	Atlantic	 sites	
and	Mediterranean	 sites,	 of	which	many	 values	were	 significantly	
different	 from	 zero.	 Within	 the	 Atlantic,	 Oosterschelde	 consist-
ently	 yielded	 the	highest	 pairwise	 values	with	other	Atlantic	 sites	
in	 both	 statistics	 (Figure	 S3).	 The	 lowest	 values	 tended	 to	 be	 be-
tween	sites	originating	from	Britain,	Ireland	and	the	Channel	Islands,	
although	this	was	also	 the	case	between	most	sites	situated	close	
together	 in	 other	 regions	 (e.g.	 Greek	 sites	 from	 the	 Aegean	 Sea),	
and	between	the	temporal	samples	from	Île	de	Ré	(2016	and	2017)	
and	Sardinia	(2013	and	2017).	As	a	result	of	their	genetic	similarity,	
temporal	 samples,	 as	well	 as	both	 sites	 from	Lazio	 (western	 Italy),	
were	combined	into	single	samples	for	the	Mantel	tests.	These	tests	
revealed	a	strong	positive	correlation	between	Fst	and	geographical	
distance	 using	 all	 sites	 (Figure	 S4A;	 r2	 =	 0.87,	p	 <	 .001),	 although	
when	 the	 Mediterranean	 samples	 were	 removed,	 this	 correlation	
was	much	weaker	(Figure	S4B;	r2	=	0.17,	p	=	.060).	However,	removal	
of	Oosterschelde	lobsters	from	the	analysis	of	Atlantic	sites	vastly	




3.3 | Population structure and genetic clustering
Analyses	of	population	structure	were	conducted	using	all	79	SNPs,	
and	 independently	 using	 the	 eight	outlier	 SNPs,	 and	 the	71	puta-
tively	neutral	SNPs	(SNPs	not	identified	as	outliers,	albeit	still	origi-
nally	chosen	for	the	panel	due	to	their	high	differentiation).	Global	
Fst	 for	 the	outlier	SNP	data	set	was	0.310,	while	global	Fst	 for	 the	
neutral	SNP	data	set	was	0.024.	The	DAPC	using	all	79	SNPs	showed	
that	 lobsters	 originating	 from	 the	Atlantic	 and	 the	Mediterranean	





genetic	 cline	 starting	 from	 the	most	 southerly	 site	 sampled,	 Vigo	
(northern	Spain),	to	the	most	north‐easterly	sites	sampled	in	Norway	
and	Sweden.	In	total,	the	first	and	second	axes	explained	69.1%	of	
the	 variation	 in	 the	data	 set.	 The	outlier	 SNP	data	 set	 (Figure	2b)	








SNPs	 still	 distinguished	 lobsters	 originating	 from	 the	 Atlantic	 and	
the	Mediterranean	basins,	although	the	signal	was	generally	weaker.	













with	outlier	 SNPs	 (Figure	3b)	 showed	 almost	 identical	 patterns	 to	
those	observed	using	all	79	SNPs.	 In	contrast,	using	neutral	SNPs	
(Figure	3c),	structure	was	apparent	between	sites	from	the	central	
Mediterranean	 and	 sites	 from	 the	 Aegean	 Sea,	 which	 supported	
the	DAPC	results.	 In	addition,	similarly	to	the	DAPC,	neutral	SNPs	
showed	a	weaker	genetic	cline	in	the	Atlantic,	with	some	admixture	




analysis	was	 deemed	 to	 be	 inappropriate	 for	 these	 two	data	 sets	









from	 Oosterschelde	 were	 genetically	 differentiated	 from	 other	
Atlantic	samples	analysed	(Figure	S6).
3.4 | Individual assignment
Assigning	 individuals	 to	 their	 basin	 of	 origin	 (Atlantic	 or	
Mediterranean)	 using	 the	 baseline	 data	 was	 extremely	 accurate,	
ranging	from	97%	to	100%	depending	on	the	proportion	of	individu-
als	used	in	the	training	data	set	and	the	number	of	loci	used	for	the	




basin	 of	 origin	 of	Atlantic	 and	Mediterranean	 test	 individuals	 at	 a	
mean	accuracy	of	100%	and	99%,	respectively.	Moreover,	 the	top	
10%	of	high	Fst	 loci	 (train.loci	=	0.1)	correctly	assigned	on	average	
98%	of	Atlantic	 individuals	 and	 97%	of	Mediterranean	 individuals	
to	 their	basin	of	origin.	The	population	allele	 frequency	of	one	al-







sampling	 location	 of	 origin	 was	 not	 accurate	 using	 all	 79	 SNPs	











due	 to	 its	 discrete	 differentiation),	 and	 120	 individuals	 randomly	
selected	 from	Scandinavia	 (Hel‐Flo‐Sin‐Gul‐Kav‐Lys)	 and	 from	 the	
remaining	 Atlantic	 sites,	 all	 79	 SNPs	 assigned	 on	 average	 60%	 of	
Scandinavian	 individuals	and	63%	of	remaining	Atlantic	 individuals	
to	their	correct	region	of	origin	(when	the	proportion	of	training	in-
dividuals	was	 0.7).	 In	 addition,	 using	 only	 the	 top	10%	of	 high	Fst 
loci,	assignment	of	Scandinavian	individuals	was	improved	across	all	
training	proportions	(i.e.	from	60%	to	82%	when	the	proportion	of	
training	 individuals	was	0.7),	but	assignment	among	 the	 remaining	













RAD	 sequencing	 to	 investigate	 population	 genetic	 structure	 and	 as-
signment	in	the	European	lobster.	Moreover,	as	opposed	to	sequencing	













the	 Atlantic	 and	 Mediterranean	 basins	 using	 79	 SNPs,	 a	 pattern	
detected	by	two	previous	studies	of	H. gammarus	 that	used	six	al-
lozymes	 (Jørstad	et	al.,	2005)	and	RFLP	analysis	of	a	3‐kb	mtDNA	
segment	 (Triantafyllidis	et	al.,	2005).	However,	 compared	 to	 these	
two	studies	that	similarly	explored	range‐wide	genetic	variation,	the	
79	SNPs	 from	 this	 study	detected	higher	overall	 genetic	differen-




been	 found	 in	previous	studies	 for	a	diverse	array	of	marine	 taxa,	
including	other	crustaceans	(mtDNA,	Reuschel,	Cuesta,	&	Schubart,	
2010;	 microsatellites,	 Palero,	 Abelló,	 Macpherson,	 Beaumont,	 &	
Pascual,	 2011),	 molluscs	 (microsatellites,	 Pérez‐Losada,	 Guerra,	
Carvalho,	Sanjuan,	&	Shaw,	2002),	sponges	(microsatellites,	Riesgo	
et	al.,	2019),	arrow	worms	(mtDNA	and	microsatellites,	Peijnenburg,	





























































































































































































distinct	 phylogeographic	 break	 across	 the	Atlantic–Mediterranean	
boundary	in	a	littoral	shrimp	(Palaemon elegans),	a	finding	the	authors	






recurrent	 glaciations	 during	 the	 Pleistocene	 periodically	 reduced	












due	 to	 past/present	 oceanographic	 barriers	 and	 vicariance	 during	
the	Pleistocene	glaciations.	Nevertheless,	analysis	with	outlier	SNPs	
also	revealed	strong	basin‐wide	differentiation	(Figures	2b	and	3b),	
which	 suggests	 that	 local	 adaptation	 to	 environmental	 conditions	
(e.g.	sea	temperature	and	salinity)	may	also	contribute	to	the	diver-





Atlantic	 and	Mediterranean	 basins,	 data	 from	 79	 SNPs	 identified	
differentiation	 (albeit	 slightly	 weaker)	 within	 the	 Mediterranean,	
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separated	 into	 sites	 from	 the	 central	Mediterranean	 (Sardinia	 and	






(2005),	whereby	H. gammarus	 samples	 from	 the	Aegean	Sea	were	















4.2 | North‐east Atlantic genetic structure




north‐east	 Atlantic	 are	 not	 in	 complete	 panmixia.	 The	most	 com-
monly	proposed	 causes	of	 clinal	 patterns	 in	 allele	 frequencies	 are	
as	 follows:	 (a)	 IBD	 caused	by	 limited	dispersal;	 (b)	 secondary	 con-
tact	and	 introgression	between	previously	 isolated	and	genetically	
divergent	 populations;	 and	 (c)	 selection	 across	 an	 environmental	
gradient	 (Dayan,	2018;	Pérez‐Losada	et	al.,	2002).	Although	much	
weaker	 using	 only	 neutral	 SNPs,	 a	 genetic	 cline	 was	 still	 evident	
in	both	 the	DAPC	and	 the	 snapclust	 analyses	 (Figures	2c	 and	3c),	
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and	a	significant	association	of	genetic	and	geographical	distances	
(Figure	S4C)	provides	evidence	 for	 IBD	 in	 the	north‐east	Atlantic.	
Assuming	IBD	contributes	to	the	formation	of	this	cline,	this	would	









contemporary	 genetic	 structure	of	 the	marine	organisms	 affected	
(Dayan,	2018).	 In	 the	north‐east	Atlantic,	 regional	extirpation	dur-
ing	 the	 Last	 Glacial	 Maximum	 (LGM),	 followed	 by	 postglacial	 ex-
pansions,	appears	to	be	a	common	biogeographic	history	for	many	
marine	 taxa	 (Jenkins,	 Castilho,	 &	 Stevens,	 2018),	 although	 there	











France	 and	 north‐west	 Spain	 yielded	 among	 the	 highest	 levels	 of	




The	 genetic	 cline,	 however,	was	 even	more	 distinctive	when	
analysed	 with	 only	 the	 eight	 outlier	 SNPs	 (Figures	 2b	 and	 3b).	




tial	 scales	 (i.e.	 ocean	 basins)	 and	 small	 spatial	 scales	 (i.e.	 within	
single	estuaries)	has	been	 reported	 in	numerous	marine	 inverte-
brate	 species,	of	which	 sea	 temperature	and	 salinity	are	key	 se-
lective	 factors	 (Sanford	&	Kelly,	 2011).	 As	 an	 example,	 a	 recent	
study	 reported	 a	 multispecies	 genetic	 cline	 in	 the	 north‐west	
Atlantic	driven	by	sea	temperature	minima	 (Stanley	et	al.,	2018);	
this	 study	 included	 a	 closely	 related	 species	 of	 H. gammarus,	
the	 American	 lobster	 (Homarus americanus),	 whose	 north‐west	















sites	 analysed,	 which	 accords	 with	 previous	 studies	 (Jørstad	 et	
al.,	2005;	Triantafyllidis	et	al.,	2005).	Oosterschelde	 is	a	 tidal	es-
tuarine	 system	 containing	 habitats	 such	 as	 intertidal	 flats,	 deep	
gullies,	 artificial	 rocky	 shores,	 and	 shallow	 water	 areas	 (Smaal,	
Kater,	 &	 Wijsman,	 2009).	 During	 1962–1963,	 harsh	 winters	 led	
to	mass	mortality	of	 lobsters	and	other	marine	organisms	 in	 this	
area	(Triantafyllidis	et	al.,	2005),	which	would	have	drastically	re-
duced	effective	population	sizes.	 Indeed,	Oosterschelde	had	one	
of	 the	 lowest	measures	of	observed	heterozygosity	 in	 this	 study	
(Table	 1),	 and	 showed	 low	 haplotype	 diversity	 in	 Triantafyllidis	
et	 al.	 (2005),	 which	 supports	 a	 bottleneck	 scenario.	 In	 addition,	
construction	 of	 a	 storm	 surge	 barrier	 between	 the	 estuary	 and	





expanded	 into	 the	Wadden	 Sea,	with	 northward	 larval	 dispersal	
from	Oosterschelde	 among	 the	most	 likely	 explanations	 for	 this	





















generated	 for	 H. gammarus	 (0.051,	 this	 study)	 and	 H. americanus 
(0.002,	 Benestan	 et	 al.,	 2015),	 although	 the	 Fst	 calculation	 for	H. 




location	 of	 origin	 had	 low	 success	 in	 this	 study	 (generally	 <20%),	













for	 assigning	 individuals	 to	 region	and	 location	of	origin	may	be	a	















Delineating	 conservation	 units	 is	 a	 fundamental	 requirement	 for	




















gammarus	 across	 the	north‐east	Atlantic	 likely	 follows	a	 stepping‐


















of	wild‐mated	 females	 (Ellis	 et	 al.,	 2015),	 are	 genetically	 compati-
ble	with	the	target	population	being	stocked	(Ward,	2006).	Overall,	
the	 genetic	 profiles	 observed	 in	 this	 study	 suggest	 that	 stock	 en-





















have	 useful	 applications	 for	 management	 authorities,	 such	 as	
estimating	 the	 proportions	 of	 native	 versus	 imported	 European	
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assign	 lobsters	 back	 to	 their	 precise	 location	 of	 origin	 using	 the	
SNP	panel	employed	in	this	study.	Nevertheless,	it	may	be	possible	





but	 also	 independently	 on	 putatively	 neutral	 and	 outlier	 SNPs	 to	
facilitate	 the	 inference	 of	 neutral	 versus	 adaptive	 processes	 in	
driving	 the	genetic	patterns	observed.	However,	because	 the	out-
lier	selection	 tests	were	carried	out	on	 the	original	RAD	sequenc-
ing	 data	 set	 (composed	 of	 55	 individuals),	 this	 may	 have	 reduced	
the	power	 to	detect	genuine	outliers	because	many	sites	 included	
in	 this	 SNP	 study	were	 not	 included	 in	 the	 original	 RAD	 analysis.	
All	outliers	detected	originated	from	the	SNP	 loci	selected	for	the	








basins	 (Figures	 2b	 and	 3b).	 This	 may	 indicate	 that	 some	 of	 these	
outlier	loci,	particularly	SNPs	42395	and	53935	(Figure	5),	and	SNP	
65064	 and	 the	 loci	 in	 LD	 with	 SNP	 65064	 (Figure	 S2),	 have	 un-





genomic	 island.	Mapping	 the	 location	of	 the	outlier	 SNPs	and	 the	
SNPs	in	LD	in	this	study	would	allow	us	to	discern	whether	some	(or	
all)	of	these	SNPs	are	also	located	in	a	genomic	island	of	differentia-
tion,	but	at	present	a	reference	genome	assembly	for	H. gammarus or 
H. americanus	is	not	available.
In	 conclusion,	 using	 79	 SNPs	 selected	 for	 their	 ability	 to	
maximize	 genetic	 differentiation	 at	 a	 range	 of	 both	 broad	 and	
fine	 scales,	 this	 study	 found	 that	 basin‐wide	 patterns	 of	 pop-
ulation	 structure	 (i.e.	 differentiation	 between	 the	 Atlantic	 and	
Mediterranean	 basins)	 generally	 accord	 with	 previous	 genetic	










that	 employed	 traditional	 genetic	 markers	 (e.g.	 microsatellites),	
this	 SNP‐based	 study	 detected	 far	 greater	 levels	 of	 genetic	 dif-
ferentiation.	 As	 a	 result	 of	 the	 higher	 differentiation	 detected,	
the	 predictive	 model	 assembled	 was	 able	 to	 assign	 99.7%	 of	
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